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SVOJSTVA KEMIJSKI AKTIVIRANE UGLJICNE ANODNE PRASINE
PROPERTIES OF THE CHEMICALLY ACTIVATED CARBON ANODE
DUST

Ankica RADENOVIC - Anita STRKALDJ - Jadranka MALINA

SaZetak: Ugljicna anodna prasina (UAP) otpadni je materijal pri proizvodnji aluminija. Kemijski sastav UAP odreden
je metodom apsorpcijske spektrometrije (AAS), a mineraloski sastav metodom difrakcije rendgenskog zracenja (XRD).
Povrsinska svojstva  (specificna povrsina, prosjecni promjer pora i ukupni volumen pora) odredeni su
Brunauer-Emmett-Telleorovom (BET) metodom i Barrett-Joyner-Halendainom (BJH) metodom. Mikroskopska
ispitivanja provedena su pretraznom elektronskom mikroskopijom (SEM). Sva su ispitivanja provedena prije i nakon
kemijske aktivacije UAP s KOH, ZnCl, i organskim kiselinama (octenom i limunskom). Dobiveni rezultati pokazali su
pozitivan utjecaj kemijske aktivacije na kemijska i strukturna svojstva ugljicne anodne prasine kao potencijalnoga
Jeftinog adsorbensa.
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Abstract: The carbon anode dust (CAD) is waste material of the aluminium production industry. The chemical and
mineralogical composition of CAD was examined by atomic absorption spectroscopy (AAS) and the X-ray diffraction
method (XRD), respectively. Surface area properties (specific surface area, average pore diameter, total pore volume)
are determined by the Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) methods. Microscopic
observation was conducted using scanning electron microscopy (SEM method). All of investigations were performed
before and after chemical activation of CAD by KOH, ZnCl, and by organic acids (acetic and citric). The results
obtained suggest the positive effect of chemical activation on the chemical and structural properties of carbon anode
dust as a potentially low-cost adsorbent.
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1. UVOD 1. INTRODUCTION

Hall-Heroultovim postupkom aluminij se proizvodi
elektrolitickom redukcijom glinice rastaljene u
elektrolitu koji sadrzi kriolit kao sredstvo za taljenje.
Za redukciju se upotrebljavaju ugljicne anode.
Dijelovi nepotroSenih anoda iz postupka proizvodnje
aluminija nazivaju se anodnim ostatkom. Postoje dvije
vrste anodnog ostatka: sirovi i peceni. O¢is¢eni anodni
ostaci melju se i ponovo upotrebljavaju u proizvodnji
novih anoda (oko 20 % anode reciklira). Uglji¢na
anodna pra$ina nastaje za vrijeme pec€enja i transporta
anoda i1 ne reciklira se. Zbog svojega
granulometrijskog i kemijskog sastava (mogucih
necisto¢a) ugljicna anodna praSina industrijski je
otpadni materijal [1].

In the Hall-Heroult process, aluminum is produced by
the electrolytic reduction of alumina dissolved in an
electrolyte containing cryolite as a flux agent. For
reduction, carbon anode has been used. The remaining
parts of spent anodes from the aluminium production

are called anode butts. There are two anode butts, the
raw anode butts and the pre-baked anode butts. The
cleaned anode butts are crushed and reused in the
production of new anodes (about 20 % of the anode is
recycled). Carbon anode dust (CAD) originates during
the baking and transport of anodes and it does not
recycle. Because of their granulometry and chemical
composition (possible impurities), carbon anode dust
is an industrial waste material [1].
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Aktivni ugljici su najc¢es$¢e upotrebljavani adsorbensi u
procesima separacije i prociséavanja. U posljednje su
vrijeme intenzivirana nastojanja znanstvenika za
pronalazenjem alternativnih adsorbensa koji  bi
zamijenili skupe aktivne ugljike. Industrijski otpadni
materijali jedni su od potencijalno jeftinih adsorbensa
za uklanjanje metala i organskih tvari.

Svrha aktivacije je dobivanje ucinkovitih jeftinih
adsorbensa. Aktivacija se moze provesti kemijskim i
fizikalnim postupcima. Pri  kemijskoj aktivaciji
osnovni se materijal impregnira raznim kemijskim
sredstvima, a zatim Kkarbonizira. Kao najcesci
aktivatori poznati su H3PO4, ZnCI2 1 spojevi
alkalijskih  metala [2]. Fizikalna aktivacija
podrazumijeva karbonizaciju ugljiéne sirovine, nakon
cega slijedi obrada nastaloga karbonizata plinovima, ili
pak direktnu aktivaciju pocCetnog  materijala
aktiviraju¢im agensima (kao $to su CO2, vodena para,
N2, H2, 02) [3-5].

U radu su ispitana svojstva ugljicne anodne praSine
prije aktivacije razli¢itim kemijskim sredstvima i
nakon nje. Svrha tih istrazivanja bila je procjena
moguénosti  upotrebe  aktivirane = UAP  kao
potencijalnoga jeftinog adsorbensa.

2. EKSPERIMENTALNI DIO
2.1. Uzorci

Ispitana je ugljicna anodna prasina koja je Cvrsti
ostatak pri proizvodnji aluminija. Uzorci su suseni 4
sata na 105°C i prosijani na veli¢inu ¢estica < 0,2 mm.
Kemijski sastav uzorka odreden je atomskom
apsorpcijskom  spektroskopijom (AAS  metoda)
spektrometrom AA-6800, Shimadzu. Mineraloski
sastav ugljicne anodne prasine odreden je metodom
difrakcije rendgenskog zracenja (XRD) upotrebom
difraktometra Philips PW 1710 s CuK,, zracenjem.

2.2. Postupak aktivacije

Kemijska aktivacija anorganskim sredstvima (KOH i
ZnCl,) provedena je na sljedeé¢i nagin. Cetiri grama
ugljicne anodne praSine mijeSano je s otopinom koja je
sadrzavala 20 ml vode i 4 g sredstva za aktivaciju.
Dobivena smjesa bila je u kontaktu 2 sata na 20°C, a
zatim 2 sata na 400°C. Uzorci su viSestruko ispirani
destiliranom vodom sve dok pH-vrijednost nije
poprimila pocetnu vrijednost. Nakon toga uzorci su
suSeni 2 sata na 110°C. Dobivena smjesa
karbonizirana je u peéi s inertnom atmosferom. Uzorci
su zagrijavani 1,5 sati od sobne temperature do
temperature zagrijavanja (700 °C). Brzina zagrijavanja
bila je 10 °C/min u struji argona protoka 5 I/h. Zatim
su dobiveni uzoci ohladeni na sobnu temperaturu i

Activated carbons are the most widely used adsorbents
in separation and purification processes. Research
interest into the production of alternative adsorbents to
replace the costly activated carbons has been
intensified in recent years. Industrial waste is one of
the potentially low-cost adsorbent materals for metal
and organic matter removal.

The purpose of activation is the production of effective
but not expensive adsorbents. Activation can be
carried out by chemical or physical means. In chemical
activation, the precursor is impregnated with a
different chemical agent and, after that, it is
carbonized. The most commonly used activating
agents have been reported as H;PO, ZnCl, and
alkaline metal compounds [2]. Physical activation
involves carbonization of a carbonaceous precursor
followed by gasification of the resulting char or direct
activation of the starting material in the presence of an
activating agent (such CO,, steam, N,, H,, O,) [3-5].

In this work, properties of carbon anode dust before
and after chemical activation by different agents are
examined. The aim of these investigations was to
evaluate the possibility of the CAD activation in order
to produce a potentially low-cost adsorbent.

2. EXPERIMENTAL
2.1 Samples

The carbon anode dust, which is a solid residue of
aluminium production, was investigated. The samples
were dried at 105 °C for 4 hours and sieved to a
particle size < 0,2 mm. The chemical composition of
the ground sample was determined by atomic
apsorption spectroscopy (AAS method) on AA-6800,
Shimadzu spectrometer. Mineralogical composition of
an anode dust sample was determined by the X-ray
diffraction method (XRD method) using a Philips PW
1710 diffractometer with CuK, radiation.

2.2 Activation procedure

Chemical activation by inorganic agents (KOH and
ZnCl,) was carried out using following procedure:

Four grams of carbon anode dust were mixed with a
solution that contained 20 ml of water and 4 g of the
activation agent. The obtained mixtures were in
contact for 2 hours at 20 °C and then for 2 hours at
400 °C. Subsequently the samples were washed
repeatedly with distilled water until the initial value of
solution pH was established. Afterwards, the samples
were dried for 2 hours at 110 °C. The resulting
mixture was carbonizated in a furnace under argon
flow. The samples were heated for 1,5 hours from
room temperature to the final heating temperature (700
°C). The heating rate was 10 °C/min under an argon
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isprani destiliranom vodom radi uklanjanja ostatka
kemikalija.

Kemijska aktivacija organskim kiselinama provedena
je na sljede¢i nacin. Ugljicna anodna prasina (6,4 g)
mijeSana je tresilicom 30 minuta s 40 ml kiseline
koncentracije 1 mol/l pri 20 °C. Dobivena suspenzija
filtrirana je kroz filtar-papir Whatman No. 40 kako bi
se izdvojila ugljicna anodna prasina iz otopine.
Sljede¢i korak bio je ispiranje destiliranom vodom i
suSenje dobivenog uzorka na 90 °C.

Sve upotrijebljene kemikalije bile su analiticke Cistoce.

2.3 Analiza povrSinskih svojstava

Povrsinska svojstva odredena su
Brunauer-Emmett-Tellerovom (BET) metodom. Za
odredivanje specifi¢ne povrsine i ukupnog volumena
pora odredene su izoterme adsorpcije-desorpcije N, na
ispitanom uzorku upotrebom uredaja Micromeritics
ASAP 2000. Prosje¢ni volumen pora izraCunat je iz
izraza:

gdje su V,-specifi¢ni volumen, a Sp-specifi¢na
povrsina. Raspodjela veli¢ina pora izraunata je
Barrett-Joyner-Halendinom (BJH) metodom.

2.4 Ispitivanje morfologije povrsine

Morfologija povrSine uzoraka UAP ispitana je
metodom kvalitativne pretrazne elektronske
mikroskopije (SEM) upotrebom mikroskopa Jeol JXA
50A.

3. REZULTATI I DISKUSIJA

Rezultati kemijske analize pokazali su da u UAP
najvise ima ugljika ((92 %). Slijede Si (1,73 %), Al
(1,69 %), S (1,5 %), Fe (0,34 %) itd. Prema
rezultatima dobivenima primjenom XRD-metode,
grafit, o-kvarc, mulit i oa-kristobalit glavne su
identificirane mineraloSke komponente.

Adsorpcijska  sposobnost adsorbensa ovisi 0
kemijskom i1 mineraloSkom sastavu te strukturnim
karakteristikama. Podaci koje donosi literatura
pokazuju da bi se UAP s obzirom na kemijski i
mineralo§ki sastav mogla smatrati djelotvornim
adsorbensom [2,6]. To se odnosi na njezin visok
sadrzaj ugljika 1 mineraloski sastav (oksidi i

flow of 5 I/h. The obtained products were then cooled
to room

temperature and washed with distilled water to remove
remaining chemicals.

Chemical activation with organic acids (acetic and
citric) was carried out using following procedure:

The carbon anode dust (6,4 g) was mixed with 40 ml
of an acid solution concentration of 1 mol/l at 20 °C by
means of an mechanical shaker (for 30 minutes). The
resulting suspension was filtred through a Whatman
filterpapir No.40 to separate the carbon anode dust
from the solution. The next step was washing with
distilled water and drying of the obtained samples at
90 °C. All chemicals used in the study were of an
analytical grade.

2.3 Analysis of surface area properties

The surface area properties were determined by the
Brunauer-Emmett-Teller (BET) method. The N,
adsorption-desorption isotherms of the investigated
samples were measured using a Micromeritics ASAP
2000 adsorption instrument in order to determine the
surface area and total pore volume. The average pore
diameter is calculated using the equation

- (M

where V,, is specific volume and Sp is the specific
surface area. Pore size distribution of CAD is
calculated by the Barrett-Joyner-Halenda (BJH)
method.

2.4 Examination of surface morphology

Surface morphology of CAD samples was examined
by the method of qualitative scanning electron
microscopy (SEM) using a Jeol JXA 50A microscope.

3. RESULTS AND DISCUSSION

The results of chemical analysis have shown that CAD
is dominated by C (92 %). Then follow Si (1,73 %), Al
(1,69 %), S (1,5 %), Fe (0,34 %) etc. According to the
results obtained by XRD-method, graphite, a-quartz,
mullite and o-crystobalite are the major identified
mineralogical components.

The adsorption capability of an adsorbent depends on
chemical and mineralogical composition and structural
characteristics. Literature indicates that CAD with its
chemical and mineralogical composition could be
considered as an effective adsorbent [2, 6]. This can be
related to its high carbon content and mineralogical
composition (oxides and alumosilicates).
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alumosilikati). Takav sastav UAP moze se objasniti
procesnim uvjetima elektroliticke redukcije glinice.
Naime uglji¢ne anode sastoje se od naftnog koksa kao
punila i katranske smole kao veziva. U elektrolizi
aluminija elektrolit je otopina glinice, Al,O; u kriolitu,
Na;AlFg. Prisutnost kriolita potrebna je za otapanje
glinice i da bi se omogucile nize temperature procesa

[7].

Such composition of CAD can be explained by the
processing conditions of the electrolytic reduction of
alumina. The carbon anode is composed of the
petroleum coke as a filler and coal-tar pitch as binder.
The electrolyte for aluminium electrowinning is
basically a solution of alumina Al,O; in cryolite,
Na;AlFs. The presence of cryolite is essential for
dissolution of alumina as well as for lower operating
temperature [7].

Tablica 1. Povrsinska svojstva ugljicne anodne prasine prije aktivacije i nakon nje
Table 1. The surface area properties of carbon anode dust before and after the chemical activation

PRIJE NAKON AKTIVACIJE
SVOJSTVA AKTIVACIJE AFTER ACTIVATION
PROPERTIES BEFORE
ACTIVATION KOH ZnCl, Limunska kiselina | Octena kiselina
Citric acid Acetic acid
Specificna povrsina,
Surface area, 6,48 5,87 7,12 7,82 7,69
SBET,mZ/ g
Volumen pora od 1,7 do 300 nm,
Pore volume from 1,7 to 300 nm, 2,37-10° 1,95-10% | 1,87-107 1,55-10° 1,88:10°
V, cm’/g
Prosjecni promjer pora,
Average pore diameter, 13,22 11,45 8,96 7,45 9,49
d, nm

U tablici 1 prikazani su rezultati povrSinskih svojstava
UAP: specifiéna povrsina, prosje¢ni promjer pora i
ukupni volumen pora (1,7-300 nm), prije aktivacije i
nakon nje. Nakon aktivacije s ZnCl, i limunskom
kiselinom specificna povrSina neznatno raste te iznosi
Sg=17,12 mz/g odnosno Sg = 7,69 mz/g.

Prosjecni promjer pora aktiviranih uzoraka manji je u
odnosu na vrijednost prije aktivacije UAP (d=13,2
nm). Prema IUPAC Kklasifikaciji, ugljicna anodna
prasina je mezoporozan materijal (2 nm <d<50 nm).
Vrijednosti za ukupni volumen pora (1,7-300 nm)
kemijski aktivirane UAP nize su od ukupnog
volumena pora neaktivirane UAP (V = 2,37 - 107
cm’g™).

Slika 1 prikazuje ukupnu raspodjelu velicina pora,
Q;(d) za sve ispitane uzorke. Vidljivo je da je
aktivacijski proces izmijenio raspodjelu veli¢ina pora
tj. udio malih pora raste. Te rezultate nadopunjuju
ispitivanja morfologije povrsine. Na sllika 2 je SEM
izgled cestica UAP prije aktivacije. Vidljive su
heterogenosti i pore razlicite veli¢ine (sllika 2a). Sli¢na
mikroskopska opazanja dobivena su za uzorak UAP
aktiviran s KOH (slika 2b). Obje kiseline, octena i
limunska, reducirale su broj pukotina na povr§ini UAP
(slike 2c¢ 1 2d). Aktivacija limunskom kiselinom vise je

Table 1 presents the results of the surface area
properties of CAD: specific surface area, average pore
diameter, total pore volume (1,7-300 nm) before and
after activation. The value of BET surface area for
nonactivated CAD is Sg = 6,48 m?/ g. The BET surface
area slightly increased after activation by ZnCl, (Sg =
7,12 m%g), and citric acid (Sg = 7,69 m%/g)
respectively.

The average pore diameter of the activated samples is
decreased in relation to the value of 13,22 nm for the
CAD sample before activation. According to IUPAC
classification, carbon anode dust is a mesoporous
material (2 nm <d<50 nm). The values of total pore
volume (1,7-300 nm) of chemically activated CAD are
lower than total pore volume for nonactivated CAD (V
=2,37 - 107 cm’g™). Figure 1 shows cumulative pore
size distribution (Q; (d), %) for all investigated
samples. It can be seen that the activation process
changed the cumulative pore size distribution i.e. the
fraction of the small pores increased. These results
were confirmed by surface morphology investigations.
Figure 2 shows the SEM image of a carbon anode dust
sample  before  chemical activation.  Some
heterogenities and pores of different size (Figure 2a)
are visible.

A similar microscopic observation is given for a CAD
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promijenila izgled povrSine UAP nego aktivacija
octenom kiselinom. Stovise, slika 2¢ prikazuje glatku
ravnu povrSinu nakon aktivacije UAP limunskom
kiselinom.

sample activated by KOH (Figure 2b). Both acetic and
citric acids reduced the number of cracks on the CAD
surface (Figures 2c and 2d). Activation by citric acid
has changed the image of the CAD surface more than
the acetic acid. Moreover, Figure 2¢ displays a smooth
flat surface after CAD activation by citric acid.
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Slika 1. Ukupna raspodjela velicine pora ispitivanih uzoraka, Qs(d), %: neaktivirani (uzorak 2), uzorak aktiviran s
KOH (uzorak 1), limunskom kiselinom (uzorak 3), octenom kiselinom (uzorak 4) i ZnCl, (uzorak 5)
Figure 1. Cumulative pore size distribution of, Q3(d), % investigated CAD sample: nonactivated (sample 2) and
activated by KOH (sample 1), citric acid (sample 3), acetic acid (sample 4) and ZnCI2 (sample 5)

Iako je kemijska aktivacija upotrebljavana godinama,
njezin mehanizam nije jasan. Opée je prihvaceno
djelovanje aktivirajuée tvari kao dehidratacijskog
sredstva koje moZe mijenjati ponaSanje uglji¢ne tvari
tijekom pirolize. Dva su mehanizma kemijske
aktivacije: prvi obuhvaéa nastajanje mikropora koje
pocinje  dodatkom  kemijskih  tvari  pocetnom
materijalu; drugi predstavlja razvoj pora kao rezultat
kemijskog utjecaja unutar otvorenih pora [4, 8].

Although a chemical activation method has been used
for many years, the mechanism is not clear. It is
generally accepted is that the activating agent acts to
dehydrate chemicals, which may alter the pyrolysis
behaviors of carbonaceous materials. In chemical
activation, there are two mechanisms: the first one is
the micropore formation which starts with the addition
of the chemical to the raw material and the second one
is the pore widening which is the result of the
chemical effect inside the opened pores [4, 8].
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c)

Slika 2. Izgled Cestica ugljicne anodne prasine snimljen pretraznim elektronskim mikroskopom (SEM): a) neaktivirane
i aktivirane s b) KOH, c) limunskom kiselinom, d) ZnCl,

Figure 2. SEM image of carbon anode dust particles: a) nonactivated and activated by b) KOH, c) citric acid, d)

acetic acid

Dobiveni rezultati u skladu su s podacima u literaturi.
Naime, za fizikalnu aktivaciju vazni su veli¢ina i
volumen pora dok za kemijsku aktivaciju vaznu ulogu
ima kemija povrSine adsorbenta (tj. razliCite
funkcionalne grupe) [9, 10].

3. ZAKLJUCAK

Ispitivanja kemijskog i mineraloskog sastava uglji¢ne
anodne praSine pokazala su prisutnost visokog
sadrzaja ugljika (grafit), oksida i alumosilikata.
Kemijskom aktivacijom ugljicne anodne prasine (s
KOH, ZnCl,, octenom i limunskom kiselinom)
promijenjena su povrSinska svojstva i morfologija
UAP. Nakon postupka aktivacije na uzorcima UAP
dolazi do povecanja specificne povrSine, smanjenja
veli¢ine pora i bolje ukupne raspodjele veli¢ine pora.
Mikroskopska ispitivanja pokazala su da limunska

The obtained results correspond to the literature date.
Namely, in physical activation the size and volumes of
pores are important whereas in chemical activation
surface chemistry (i.e. different functional groups) of
adsorbent plays a significant role [9, 10].

3. CONCLUSION

The examined chemical and  mineralogical
composition of carbon anode dust has shown high
content of carbon (graphite) and the presence of oxides
and alumosilicates. Chemical activation of carbon
anode dust (by KOH, ZnCl,, acetic and citric acid) has
changed CAD surface area properties and surface
morphology. The increasing of specific surface area,
decreasing of pore size and better cumulative pore size
distribution in CAD samples were registered following
the applied activation procedure. The microscopic
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kiselina ima znatan utjecaj na morfologiju povrsine
ugljicne nodne prasine. Zbog kemijskih i povrSinskih
svojstava UAP bi se mogla koristiti kao porozan
adsorbens. Za potpunije vrednovanje adsorpcijske

sposobnosti  preporucuje se odredivanje kemije
povrsine uglji¢ne anodne praSine

4. POPIS OZNAKA

Uglji¢na anodna praSina UAP
Brunauer-Emmett-Teller BET
Barrett-Joyner-Halenda BJH
Pretrazna elektronska mikroskopija SEM
Atomska apsorpcijska spektroskopija AAS
Difrakcija X-zraka XRD
BET povrsina Sg,, m/g
Specificna povrsina Sp, m’/g
Specifi¢ni volumen Vp, em®
Prosjecni promjer pora d, nm

ZAHVALA

Ovaj rad, izraden u okviru projekta 124-1241565-
1524, financiran je sredstvima Ministarstva znanosti,
obrazovanja i Sporta Republike Hrvatske.

LITERATURA
REFERENCES

[1] Legin-Kolar, M., Radenovi¢, A.: Ugljicni
materijali, SveuciliSte u Zagrebu, Metalurski
fakultet, Sisak, 2002.

[2] Bansal, R. C., Donnet, J. B., Stoeckli, F.: Active
carbon, New York, Marcel Dekker, 1988.

[3] Lozano-Castello, D., Lillo-Rodenas, M. A.,
Cazorla-Amoros, D., Linares-Solano, A.:
Preparation of activated carbons from Spanish
antracite 1. Activation by KOH, Carbon, Vol.
39(2001), No 5, pp. 741-749.

[4] Rodriguez-Reinoso, F., Molina-Sabio, M.:
Activated carbons from lignocellulosic materials
by chemical and/or physical activation: an
overview, Carbon, Vol. 30(1992), No. 7, pp.
1111-1118.

[5] Hu, Z., Srinivasan, M. P., Yaming, N.: Novel
activation  process  for  preparing  highly
microporous and mesoporous activated carbons,
Carbon, Vol. 39(2001), No. 6, pp. 877-886.

observations have shown the significant influence of
citric acid activation on CAD surface morphology.
Owing to their chemical and surface properties, CAD
could be used as porous adsorbent. For more complete
evaluation of CAD adsorption capability, surface
chemistry determination is recommended.

4. LIST OF SYMBOLS

Carbon anode dust
Brunauer-Emmett-Teller
Barrett-Joyner-Halenda
scanning electron microscopy
atomic apsorption spectroscopy
X-ray diffraction

BET surface area

specific surface area

specific volume

average pore diameter

ACKNOWLEDGEMENT

This work was supported by the Ministry of Science,
Education and Sports of the Republic of Croatia,
within the project 124-1241565-1524.

[6] Lopez-Delgado, A., Perez, C., Lopez, F. A.: The
influence of carbon content of blast furnace
sludge and coke on the adsorption of lead ions
from aqueous solution, Carbon, Vol. 34 (1996),
No. 3, pp. 423-431.

[7] Habashi, F.: Handbook of Extractive
Metallurgy, vol. 1I, Wiley-VCH, Weinheim,
1997.

[8] Ahmadpour, A., Duong, D-D.: The preparation
of activated carbon from macadamia nutshell
by chemical activation, Carbon, Vol. 35 (1979),
No. 12, pp. 1723-32.

[9] Liu, S. X., Chen, X. Y. Chen, Z. F., Liu, H. L.
Wang, Activated carbon with excellent
chromium  (VI)  adsorption  performance
prepared by acid-base surface modification,
Journal of Hazardous Materials, Vol.
141(2007), pp.315-319.

[10] Wigmans, T.: Industrial aspects of production
and use of activated carbon, Carbon, Vol. 27
(1989), No. 1, pp. 13-22.



20

A. Radenovié, A. Strkalj, J. Malina: Svojastva kemijski aktivirane...

Primljeno / Received: 15.04.2009.
Izvornoznanstveni ¢lanak

Adresa autora / Authors’ address:
Dr. sc. Ankica Radenovié, izv. prof.
Anita Strkalj, dipl. ing.

Dr. sc. Jadranka Malina, red. prof.

Metalurski fakultet SveuciliSta u Zagrebu
Aleja narodnih heroja 3

HR—44 000 Sisak

Hrvatska

radenova@simet.hr

strkalj@simet.hr

malina@simet.hr

Prihvaceno / Accepted: 23.06.2009.

Original Scientific Paper




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile ()
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 7.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


